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ABSTRACT 


Eighteen  male  University  of  Alberta  students  were  in¬ 
vestigated  to  determine  the  effect  of  training  on  the  plasma 
concentrations  of  lactate  and  pyruvate.  Three  groups  were 
compared  under  maximal  and  submaximal  exercise  conditions. 
These  were  highly  trained,  semi-trained,  and  sedentary 
groups.  Arterial  and  venous  blood  samples  were  taken  at 
rest,  during  the  exercise  session,  at  the  point  of  exhaus¬ 
tion  and  during  the  recovery  period®  The  samples  were 
analyzed  for  plasma  concentrations  of  lactate  and  pyruvate. 
Comparisons  were  made  between  groups  as  well  as  within 
groups  for  possible  differences  in  arterial  and  venous 
samples. 

There  was  no  significant  difference  between  the  three 
groups  with  respect  to  plasma  lactate  concentrations.  How¬ 
ever,  the  plasma  lactate  response  of  the  working  limb  during 
maximal  exercise  was  signif icantly  different  from  the  non¬ 
working  limb  in  the  trained  and  sedentary  groups.  Resting 
pyruvate  concentrations  were  signif icantly  different  be¬ 
tween  the  three  groups.  During  the  recovery  period  lactate 
uptake  by  the  working  muscle  was  evident  suggesting  that 
local  adaptations  had  occured  within  the  trained  muscle® 

Arterial  and  venous  concentrations  of  plasma  lactate 
and  pyruvate  were  almost  identical  during  submaximal  exercise® 
The  consistently  greater  pyruvate  concentrations  in  the 


trained  group  suggests  that  training  resulted  in  an  adapt¬ 
ive  response  within  the  muscle  or  perhaps  the  blood  itself. 
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CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 


Introduction 

The  acute  responses  that  occur  in  organs  and  tissues 
due  to  the  energy  demands  of  exercise  have  attracted  con¬ 
siderable  interest  for  many  years.  In  efforts  to  elucidate 
the  mechanisms  of  energy  production,  research  has  concen¬ 
trated  on  glycolysis,  glycogenolysis,  the  Kreb's  Cycle,  ox¬ 
idative  phosphorylation,  the  mobilization  of  FFA* ,  and  more 
recently,  mitochondrial  alterations  (  1,33 ,38,39,^0, 79,81  )• 

In  most  instances,  it  is  implied  that  the  efficiency  of  the 
various  pathways,  and  consequently  the  production  of  energy 
is  related  to  the  availability  of  oxygen  to  the  metaboliz¬ 
ing  system.  If  oxygen  is  readily  available,  the  system  func¬ 
tions  to  optimum  capacity  with  little  metabolite  accumulation. 
If  adequate  oxygen  is  not  readily  available  however,  as  dur¬ 
ing  altitude  exposure,  anemia,  certain  cardio-respiratory 
ailments,  or  exercise,  the  capacity  of  the  system  to  produce 
energy  is  reduced  and  the  subsequent  production  of  intermed¬ 
iate  metabolites  increasedo 


* Abreviations  used  in  this  thesis  are  the  following: 

FFA^Free  Fatty  Acids;  NAD-nicotinamide  adenine  dinucleotide; 
NADH=reduced  NAD;  ATP^adenosine  triphosphate;  ADP=adenosine 
diphosphate;  H=hydrogen;  PO^-phosphate ;  Co-A=coenzyme  A; 
CQp=carbon  dioxide;  H20=water;  Op=oxygen;  OH=hydroxyl  radical; 
MVUp^maximum  oxygen  uptake;  253-DPG=2,3-diphosphoglycerate. 


2 


This  increase  in  metabolite  production,  particularly 
evident  during  exercise,  is  often  interpreted  as  being  re¬ 
flective  of  the  physiological  state  of  the  individual  (  70  ) . 
The  inference  here  of  course  is,  that  the  individual  who  has 
attained  a  certain  level  of  physical  conditioning  will  adapt 
more  efficiently  to  imposed  demands  than  the  unconditioned 
individual.  The  assumption  is  made  that  the  trained  body 
supplies  and  utilizes  oxygen  more  efficiently  than  the  un¬ 
trained  body.  Although  there  have  been  numerous  attempts 
to  relate  the  production  and  removal  of  lactic  acid  to  the 
physiological  state  of  the  individual,  the  evidence  certain¬ 
ly  is  not  conclusive  that  such  a  relationship  exists.  It  is 
the  intent  of  this  investigation  to  provide  evidence  which 
may  assist  in  clarifying  or  refuting  some  of  the  currently 
held  concepts  regarding  the  effects  of  training  on  plasma 
lactate  and  pyruvate  accumulation  during  exercise. 

» 

Statement  of  the  Problem 

The  purpose  of  this  investigation  was  to  note  the  effects 
of  training  on  the  plasma  concentrations  of  lactate  and  py- 
ruvateo  Arterial  and  venous  blood  samples  were  obtained 
from  subjects  as  they  exercised  to  exhaustion  at  both  maxim¬ 
al  and  submaximal  efforts*  The  samples  were  then  analyzed 
for  concentrations  of  lactate  and  pyruvate*  Since  in  the 
past,  adequate  consideration  has  not  been  given  to  comparing 
metabolite  variations  between  working  and  nonworking  tissues, 
special  attention  was  given  to  this  aspect  of  the  study* 


. 
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Of  particular  interest,  was  a  comparison  in  the  plasma  con¬ 
centrations  of  lactate  and  pyruvate  between  highly  trained 
and  untrained  individuals 0 

Rationale  Behind  the  Study 

Although  there  is  general  agreement  in  the  literature 
with  respect  to  lactate  produced  during  maximal  efforts, 
there  is  still  considerable  controversy  about  what  actually 
occurs  during  submaximal  efforts0  A  major  point  of  conten¬ 
tion  appears  to  be  whether  in  fact  lactate  production  occurs 
during  submaximal  exercise. 

Lactate  and  pyruvate  production  are  apparently  related 
to  the  availability  of  oxygen  to  the  metabolizing  tissue  (  33, 
8l  ).  With  the  conversion  of  glucose  or  glycogen  to  lactate, 
a  limited  amount  of  energy  in  the  form  of  ATP  is  provided 
when  the  oxygen  supply  is  deficient.  This  is  typically  re¬ 
ferred  to  as  the  anaerobic  pathway  for  energy  production  and 
enables  a  tissue  to  maintain  its  function  to  a  certain  degree 
despite  hypoxic  conditions  (  33*81  ).  Although  controversy 
exists,  it  is  assumed  that  the  deficiency  of  oxygen  causes 
an  accumulation  of  reduced  substrates  necessitating  an  in¬ 
crease  in  lactic  acid.  Since  lactate  accumulation  is  indir¬ 
ectly  related  to  oxygen  supply,  it  seems  pertinent  to  relate 
metabolite  production  to  maximum  oxygen  uptakeo  In  the  past? 
this  has  not  been  emphasized;  rather,  work  loads  have  been 
indiscriminately  assigned  with  little  regard  for  the  subjects 
MV02o  In  addition,  it  is  becoming  evident,  that  with  pro- 


' 
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longed  conditioning,  there  are  definite  changes  in  mito¬ 
chondrial  structure  and  composition.  Recently,  evidence 
has  been  produced  which  illustrates  a  definite  increase  in 
number  and  enzymatic  composition  of  trained  skeletal  muscle 
mitochondria  (  i}+,32,38,395iR)  ).  One  would  expect  such  al¬ 
terations  to  influence  metabolite  accumulation. 

With  the  aforesaid  concepts  receiving  due  consideration, 
perhaps  a  more  valid  assessment  of  the  lactic  acid  mechanism 
and  exercise  is  possible® 


CHAPTER  II 


REVIEW  OF  THE  LITERATURE 


Aerobic and  Anaerobic  Production  of  Energy 

Glycolysis  (  figure  1  ),  the  citric  acid  cycle  (  fig¬ 
ure  2  ) ,  and  oxidative  phosphorylation  (  figure  3  ) >  are 
three  important  cellular  mechanisms  available  for  ATP  pro¬ 
duction  The  latter  two  occur  in  the  mitochondria  while 
glycolysis  is  a  cytoplasmic  reaction.  Since  oxygen  is  dir¬ 
ectly  involved  with  proton  activity  in  the  mitochondria, 
this  is  typically  referred  to  as  aerobic  energy  production. 

In  the  cytoplasm,  however,  ATP  production  occurs  independent 
of  oxygen  and  consequently  accounts  for  the  anaerobic  con¬ 
tribution  towards  the  ATP  pool.  The  net  contribution  from 
1  mole  of  glucose  is  38  moles  of  ATP.  The  reactions  may  be 
summarized  as  follows: 

Glucose  +  2ADP  +  PO^ - »  2  Pyruvic  acid  +  2 ATP  +  *+H 

2  Acetyl  CoA  +  6H20  +  2ADP  —  — >  2C02  +  2 ATP  +  2CoA  +  16H 
The  20  hydrogens  produced  in  the  above  reactions  are  shut¬ 
tled  through  the  cytochrome  system  (  figure  3  )  to  contri¬ 
bute  a  total  of  30  moles  of  ATP  via  the  conversion 
3Pi  +  2H  +  i02  +  3ADP  — >  H20  +  3 ATPo 
The  remaining  h  moles  of  ATP  are  accountable  from  the  H  ions 
produced  in  the  decarboxylation  of  pyruvic  acid.  The  direct 
contribution  from  the  anaerobic  pathway  accounts  for  two 
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FIGURE  1 


ANAEROBIC  PRODUCTION  OF  ENERGY  (  33  ) 
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moles  of  ATPo  The  remaining  36  moles  result  from  oxida¬ 
tive  phosphorylations  (  32*79  )o 

During  exercise  and  other  stressful  situations,  the 
body  may  need  more  oxygen  than  it  can  immediately  supply, 
consequently,  proton  accumulation  often  occurs.  If  the 
cytochrome  system  or  other  buffering  mechanisms  within  the 
cellular  environment  cannot  handle  the  proton  buildup,  there 
will  ultimately  be  an  increase  in  the  concentration  of  NADH 
and  other  reduced  substrates.  This  increase  in  NADH  may 
also  directly  influence  the  lactate/pyruvate  ratio.  If  the 
NADH  is  maintained  above  normal  cytoplasmic  concentrations, 
the  anaerobic  contribution  of  ATP  will  naturally  be  greater. 
Pyruvate,  acting  as  a  proton  acceptor  from  NADH  will  form 
lactate  plus  NAD*  and  subsequently  keep  the  glycolytic 
pathway  reactive.  As  a  result,  the  energy  produced  by  gly¬ 
colysis  is  often  sufficient  to  maintain  a  certain  degree  of 
tissue  activity,  despite  the  hypoxia.  During  rpuscular  act¬ 
ivity  anaerobic  energy  production  is  particularly  evident 
along  with  a  corresponding  increase  in  lactate. 

Aerobic  energy  production  therefore  depends  upon  oxy¬ 
gen  availability  while  the  anaerobic  contribution  is  dir¬ 
ectly  related  to  the  cytoplasmic  NAD/NADH  ratio  (51)* 
During  exercise,  therefore,  when  the  oxygen  supply  is  often 
deficient,  the  production  of  ATP  via  oxidative  phosphoryl¬ 
ation  is  hindered  and  the  anaerobic  contribution  is  pro¬ 
portionately  increased. 
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Net  reaction: 

2  Aeetyl-CoA^  6  '•*  2  ADP  — 4  CO^*!*  16H  *4“  2  CoA*=4’2  ATP 


FIGURE  2 


THE  CITRIC  ACID  CYCLE  (  33  ) 
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2H 

NAD*  A  NADH  *  H* 


Net  reaction: 

2H  +•  J02+  3  ADP  - - ->  H  O  -l-  3  ATP 

FIGURE  3 


AEROBIC  ENERGY  PRODUCTION  (  33  ) 
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Lactic  Acid,  Oxygen,  and  Muscular  Contraction 

In  the  late  1800s,  the  implication  was  made,  that  the 
contraction  of  muscle  depended  upon  the  conversion  of  po¬ 
tential  to  active  energy  via  some  chemical  mechanism  within 
the  muscle  itselfo  In  addition,  it  was  suggested,  that  the 
amount  of  work  performed  could  be  taken  as  a  direct  measure 
of  the  chemical  activity  within  the  muscle  (  54  ) • 

The  investigations  at  the  turn  of  the  century  marked 
the  beginning  of  many  studies  that  were  to  indicate  the  im¬ 
portance  of  oxygen  to  the  contractile  process*  It  was  found, 
for  example,  that  the  accumulation  of  one  of  the  most  evident 
products  of  contraction,  lactic  acid,  depended  upon  the  a- 
vailability  of  oxygen  to  that  tissue  (  27,28  ).  By  expos¬ 
ing  a  fatigued  muscle  to  oxygen,  investigators  observed  a 
considerable  reduction  in  the  lactate  content,  while  under 
inadequate  oxygenation  the  lactate  content  was  found  to  in¬ 
crease  (  28,69  ).  In  addition  to  the  circulatory  system, 
therefore,  these  observations  led  to  the  suggestion  of  a 
local  mechanism  for  lactate  removal.  Although  this  mech¬ 
anism  of  removal  was  not  understood  (  27,28,66  ),  it  was 
suggested  that  the  disappearance  of  the  lactate  during  re¬ 
covery  from  fatigue  did  not  only  involve  its  oxidative  re¬ 
moval  in  the  form  of  carbonic  acid  and  water,  but  indeed, 
suggested  a  reconstructive  process  to  its  chemical  prede¬ 
cessor  (  27  ) o  Later,  additional  evidence  was  presented 
which  indicated  the  importance  of  oxygen  to  the  contractile 
process  (  66,69  ).  Not  only  was  a  greater  amount  of  oxygen 
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consumed  during  contraction,  but,  this  increased  consump¬ 
tion  v;as  found  to  persist  long  after  the  muscle  had  ceased 
to  contract  (  15,16, 27*28, 41,66,69  )•  The  conclusion  was 
drawn  that  oxygen  was  essential  to  the  recovery  process  of 
exercise* 

The  first  concerted  effort  at  rationalizing  the  excess 
oxygen  consumption  following  exercise  was  made  in  the  raid- 
twenties  when  the  concept  of  11  oxygen  debt  '*  was  formulated. 
Prolonged  periods  of  recovery  were  attributed  to  excessive 
lactate  accumulation  and  its  subsequent  conversion  to  gly¬ 
cogen  (  43  )  *  Since  this  formative  period,  considerable  ef¬ 
fort  has  gone  into  resolving  the  lactic  acid-oxygen  debt  re¬ 
lationship  (  25,26,31,48,49,57,60  ),  if  indeed  such  a  defin¬ 
itive  relationship  exists  (  1,47,48,51  ). 

Margaria  et  al  (  57  ) ,  attempted  to  indicate  additional 
mechanisms  that  might  be  involved  in  payment  of  the  oxygen 
debt  resulting  from  exercise  other  than  the  lactate  to  gly¬ 
cogen  conversion  alone*  These  investigators  suggested  that 
the  slowness  of  removal  of  lactate  from  the  system  resulted 
from  the  slowness  of  the  process  of  its  oxidation  (  57,59  )<> 

In  efforts  to  clarify  their  theory,  a  distinction  was 
made  between  an  ”  alactacid  oxygen  debt  11  and  a  n  lactacid 
oxygen  debt  **  5  the  former  occurs  during  the  initial  anaer¬ 
obic  conditions  of  exertion  while  the  latter  phase  develops 
during  later  hypoxia  if  such  occurs*  The  distinction  is, 
that  during  the  initial  stages  of  exercise  the  immediate 
supply  of  energy  is  through  sources  other  than  those  in- 
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volving  production  of  appreciable  lactic  acid.  During  this 
phase,  there  is  also  a  measureable  oxygen  debt  developed. 
Since  this  initial  oxygen  debt  cannot  be  attributed  to  the 
lactic  acid  mechanism,  it  has  been  labelled  M  alactacid  ** , 
That  portion  of  the  oxygen  debt  attributable  to  lactic  acid 
develops  when  the  source  of  energy  is  via  glycolysis  and  is 
evident  only  when  the  work  intensity  exceeds  a  critical 
thresholdo 

Whereas  in  the  past  total  lactate  accumulation  and  oxy¬ 
gen  debt  were  equated,  Margaria  et  al  (  57  )  were  able  to 
accumulate  an  oxygen  debt  without  any  traceable  differences 
in  lactate  production.  In  efforts  to  account  for  the  alact¬ 
acid  debt,  Margaria  suggested  possible  replenishment  of  myo¬ 
globin  stores  and/or  unknown  anaerobic  metabolites  that  are 
rapidly  resynthesized  during  aerobic  conditions  (  57,58,59  )« 
The  implication  is,  that  if  the  body  is  able  to  adapt  and 
supply  sufficient  oxygen  for  the  work  at  hand,  the  alactacid 
debt  initially  developed  may  in  fact  be  simultaneously  re- 
payed. 

During  the  19-twenties  and  19-thirties  therefore,  the 
theory  was  developed  that  lactic  acid  was  a  product  of  con¬ 
traction,  notably  during  anaerobic  conditions,  A  consider¬ 
able  portion  of  the  extra  oxygen  consumed  during  recovery 
from  exercise  was  attributed  to  paying  a  portion  of  the  oxy¬ 
gen  debt  which  had  resulted  from  lactate  accumulation0 

Recently,  Huckabee  (  *+5  )  was  able  to  demonstrate  the 
accumulation  of  lactate  in  non-hypoxic  conditions,  Pre- 
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viously,  lactate  accumulation,  was  directly  associated  with 
tissue  hypoxia.  Since  the  lactate  content  could  vary  in 
non-hypoxic  conditions  (  i.e.,  by  infusion  of  sodium  bicarb¬ 
onate,  pyruvate,  or  hyperventilation  ) ,  Huckabee  suggested 
that  the  total  lactate  change  was  not  a  valid  measurement 
of  oxygen  debtQ  His  argument  basically  was,  that  if  lactate 
bears  a  constant  relationship  to  pyruvate  so  that  normal  ox¬ 
idation-reduction  reactions  occur,  there  need  not  be  an  oxy¬ 
gen  debt.  If  ”  excess  lactate  **  developed  such  that  normal 
redox  reactions  altered,  Huckabee  attributed  this  excess 
lactate  to  tissue  hypoxiaG  Furthermore,  since  tissue  hypoxia 
was  very  evident  during  exercise,  and  directly  related  to 
work  intensity,  Huckabee  hypothesized  a  linear  relationship 
between  his  concept  of  ”  excess  lactate  11  and  exertion* 

This  Interpretation  eliminated  the  possibility  of  an  alactic 
phase  during  exercise,  i*e*,  excess  lactate  accumulated  in 
accordance  with  the  degree  of  tissue  hypoxia*  Previously, 
the  implication  was  that  a  certain  threshold  in  terms  of 
work  intensity  had  to  be  reached  in  order  for  a  change  in 
lactate  to  be  apparent* 

Since  Huckabee* s  theories  on  the  oxygen  debt-lactic 
acid  phenomenon,  there  have  been  numerous  attempts  at  re¬ 
solving  the  differences  between  his  concept  of  excess  lac¬ 
tate  and  Margaria * s  original  threshold  interpretation  (  49, 
56,58,62,74,76,78  ).  Considerable  criticism  has  come  from 
Keul  (  47,48  ),  Alpert  (  1  ),  and  Olsen  (  62  )  who  question 
the  entire  lactic  acid-oxygen  debt  relationship.  In  addi- 
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tion,  evidence  has  been  presented  which  indicates  that  the 
NAD/NADH  pools  in  the  cell  may  in  fact  function  independent¬ 
ly  (  1,51,71  ).  The  mitochondrial  membrane  has  been  shown, 
to  be  impermeable  to  NADH  (  71  ) °  Such  independent  function¬ 
ing  would  provide  a  basis  for  questioning  the  established 
theories.  Lactate  production  and  utilization  might  then  de¬ 
pend  on  mitochondrial  or  enzymatic  efficiencies  of  the  cell 
which  only  recently  (  1^,32, 38, 39, ^+0  )  have  received  consid¬ 
erable  attention*. 

Lactate  Production  and  Exercise 

Maximal  Efforts 

Following  exhaustive  exercise  at  maximal  efforts,  most 
researchers  agree  that  peak  lactate  values  are  not  reached 
until  five  to  ten  minutes  into  the  recovery  period  (  17,20, 

59  ).  The  delayed  rise  is  attributed  to  the  diffusion  of 
lactate  from  the  muscles  into  the  plasma,  DI  Prampero  et  al 
(  22  )  however,  found  tissue  and  blood  lactic  acid  concen¬ 
tration  11  roughly  u  equal.  Diamant  ejt  al  (  20  ) ,  on  the 
other  hand,  found  muscle  tissue  lactate  considerably  greater 
than  blood  concentrations,  at  rest,  as  well  as  following  ex¬ 
haustive  exerciseo 

One  would  expect,  that  with  rapid  dif fusability  of  the 
lactate  and  subsequent  circulation,  an  equilibrium  between, 
working  and  nonworking  tissues  might  be  attained,  Williams 
(  82  )  suggests  that  in  order  for  the  venous  blood  lactate 
concentration  of  the  inactive  arm  muscles  to  be  altered, 
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the  legs  must  be  doing  very  strenuous  work. 

According  to  Margaria  (  56 >58  ),  the  only  energy  source 
available  after  liO  seconds  of  maximal  efforts  is  via  oxida¬ 
tive  processeso  The  implication  must  be  that  lactate  pro¬ 
duction  reaches  a  maximum  that  is  perhaps  maintained  through¬ 
out  maximal  efforts. 

Submaximal  Efforts 

There  is  considerable  controversy  as  to  whether  apprec¬ 
iable  lactate  production  occurs  during  submaximal  efforts. 
Saiki  et  al  (  70  )  contends  that  if  lactate  is  produced  dur¬ 
ing  the  alactic  phase  of  exertion,  this  will  disappear  dur¬ 
ing  later  aerobic  conditions.  As  long  as  the  effort  is  be- 

o 

low  one  * s  MVO^,  Saiki  states  that  lactate  production  will 
be  curtailed  since  adequate  oxygen  is  being  supplied.  Others 
(  9 9 *-1-9) 7&  )  tend  to  support  this  hypothesis. 

Substantial  evidence  is  also  available,  however,  to  • 

o 

suggest  continued  lactate  production  below  MVO2  efforts  (  19? 

82  )0 

Lactate  Removal  During  Exercise 

The  heart  (  15?16,37950  )j  skeletal  muscle  (  17* 7^  )* 
liver  (  68  )  and  kidneys  (  52,53  )  are  able  to  remove  lac¬ 
tate  from  the  blood  during  exercise.  Rowell  (  68  )  estimates 
that  approximately  one  half  of  the  lactate  produced  during 
exercise  is  removed  by  the  liver  via  gluconeogenesis.  The 
myocardium,  with  an  abundance  of  mitochondria,  removes  lac- 
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tat e  continuously  regardless  of  the  workload.  Stainsby 
(  7^  )  provided  evidence  to  indicate  appreciable  lactate  up¬ 
take  by  skeletal  muscle*  Of  particular  interest,  Stainsby 
noted  that  oxygen  uptake  appeared  to  be  limited  when,  the 
frequency  of  contractions  increased  beyond  a  critical  value* 

The  SfCect  of  Training  on  Lactate  Production 

Tipton  (  76  )  found  no  significant  differences  between 
trained  and  untrained  rats  with  respect  to  respiratory  rates 
of  skeletal  muscle,  liver,  diaphragm,  and  splanchnic  tissues. 
He  suggested  that  the  enhanced  capabilities  of  the  trained 
tissue  to  respond  to  stress  (  exercise  )  must  result  from 
alterations  in  metabolic  pathways  or  enzymatic  efficiencies. 
The  majority  of  the  research  available,  however  ,  points  to 
decreased  lactate  production  in  the  trained  (  9?70  ),  if 
one  can  assume  athletes  are  in  good  condition.  Barnard  (  9  ) 
and  Saiki  (  70  )  found  lactate  accumulation  decreased  as  a 
result  of  training  (  workloads  were  variable  ) •  Williams 
(  82  ) ,  after  an  intensive  training  program  indicated  that 
with  workloads  of  less  than  800  kpm,  there  was  no  increase 
in  lactate  over  resting  values.  Higher  workloads,  however, 
showed  a  definite  increase  over  resting  concentrations. 

Barnard  (  9  )  would  tend  to  agree  with  Williams  in  that  he 
suggested  training  would  alter  metabolic  events  such  that 
there  is  greater  aerobic  capacity  under  submaximal  conditions. 
According  to  Saiki  (  70  ) ,  the  production  and  removal  of 
lactate  seems  to  proceed  faster  in  the  athlete* 
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CHAPTER  III 


METHODS  AND  PROCEDURES 

Eighteen  male  subjects  (  1$  to  24  years  of  age  )  from 
the  University  of  Alberta,  Edmonton  were  investigated.  They 
were  classified  according  to  physical  condition;  six  members 
from  the  University  Wrestling  Team  as  trained,  six  members 
from  a  physical  education  (  swimming  class  )  as  semi-trained, 
and  six  sedentary  members.  The  sedentary  group  which  served 
as  the  control  was  inactive  other  than  normal  walking  habits 
to  and  from  classes® 

The  series  of  tests  consisted  of  three  sessions  on  a  bi¬ 
cycle  ergometer;  an  initial  work  capacity  determination,  fol¬ 
lowed  by  maximal  and  submaximal  sessions  to  exhaustion. 

Blood  samples  we re  taken  at  regular  intervals  during  the 
maximal  and  submaximal  trials,  prepared  for  lactate  and  py- 
ruvate  analysis  and  immediately  frozen® 

Work  Capacity  Determinations 

o 

A  predicted  MV02  was  determined  for  all  subjects  as  out¬ 
lined  by  Astrand  (  3,  4,  5,  6  )®  On  two  separate  occasions 
subjects  were  assigned  a  workload  by  the  examiner.  In  all 
trials,  this  workload  resulted  in  a  heart  rate  of  155-15  beats 
per  minute  as  recorded  by  a  Sanborn  500  Electrocardiogram, 

All  subjects,  on  both  occasions  bicycled  for  at  least  10  min¬ 
utes  i.e,,  until  the  heart  rate  was  constant  for  a  4-5  minute 
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period.  After  appropriate  transference  procedures  to  the 
Astrand-Rhyming  nomogram,  the  larger  workload  with  respect 

o 

to  MVO^  prediction  from  the  two  trials  was  utilized  as  the 
initial  resistance  in  the  maximal  trial 0  The  submaximal 
workload  (  70 %  )  was  determined  by  interpolation  as  employed 
by  Astrand  and  Rhyming  (3,4)* 

Maximal  and  Submaximal  Tests 
Maximal  Trials 

Exercise  was  performed  in  a  sitting  position  on  a  Monark 
bicycle  ergometer  and  consisted  of  a  series  of  workloads  with 
uninterrupted  pedalling.  The  pedal  speed  was  maintained  at 
50  rpm  with  a  metronone  assisting.  The  initial  resistance, 

which  was  constant  for  1  minute,  corresponded  to  the  workload 

>  ° 

used  to  predict  the  subjects  MV0? ,  This  workload  was  then 
increased  stepwise  every  minute  by  one -third  of  the  original 
until  the  subject  was  unable  to  maintain  the  pace.  By  main¬ 
taining  the  50  rpm  throughout  the  testing  session,  100%  oxy¬ 
gen  uptake  was  guaranteed.  This  procedure  exhausted  all  sub¬ 
jects  in  three  minutes  or  less,  with  termination  of  the  exer¬ 
cise  determined  by  the  subjects  inability  to  maintain  the  pace. 
Blood  samples  v/ere  taken  before,  immediately  after,  and  10 
minutes  after  exercise, 

Submaximal  Trials 

Exercise  was  performed  per  maximal  trials,  however,  in 
this  instance  the  subject  pedalled  at  his  predetermined  work- 
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load  which  generated  an  estimated  oxygen  uptake  of  70$  of 
his  MVO20  Again,  termination  was  failure  of  the  subject 
to  maintain  the  paceo  In  this  test,  blood  samples  were 
taken  before,  at  successive  twenty  minute  intervals,  immed¬ 
iately  after,  and  10  minutes  after  exercise  to  fatigue. 

In  both  maximal  and  submaximal  sessions,  teflon  cath¬ 
eters  (  Venocarth  -  16,  18-G  bore,  11-i  Intravenous  -  Abbott 
Laboratories  )  were  inserted  into  the  femoral  vein  and  brac¬ 
hial  artery  following  local  anesthesia.  All  resting  samples 
(  5  mis  )  were  obtained  after  1  hour  of  rest  with  the  sub¬ 
ject  in  the  supine  position  with  samples  drawn  simultaneous¬ 
ly  from  both  catheters0  Exercise  samples  were  similarly 
drawn  with  the  subject  on  the  bicycle  ergometer. 

Processing  of  Blood  Samples 

Precipitation  of  the  samples  with  6$  perchloric  acid 
(  5  mls/5  mis  blood  )  was  performed  within  30  seconds  of 
withdrawing  the  samples.  Vigorous  shaking  in  chilled  cent¬ 
rifuge  tubes  for  10-15  seconds  preceded  centrif ugation  at 
3,000  rpm  for  5-10  minuteSo  If  the  filtrate  was  not  clear, 
a  second  centrifugation  was  performed.  Approximately  ^  mis 
of  the  supernatant  was  transferred  to  a  culture  tube  which 
was  immediately  placed  in  a  solution  of  dry  ice  and  95$  eth¬ 
anol.  The  frozen  samples  were  refrigerated  for  later  lac¬ 
tate  and  pyruvate  plasma  determinations0 
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Analysis 

Lactic  and  pyruvic  acid  concentrations  were  determined 
by  the  enzymatic  method  of  the  Sigma  Chemical  Company  (  72, 

73  ). 

Lactic  Acid 

Preparation  of  test  and  blank  tubes  proceeded  as  follows: 
An  appropriate  amount  of  the  reducing  mixture  (  containing 

-{•  ii 

NAD  j  glycine  buffer,  Mg' ,  and  lactic  dehydrogenase  )  was 
placed  in  both  test  tubes.  The  thawed  supernatant  (  o10  mis 
protein  free  )  was  added  to  the  test  tube  while  .10  mis  of 
water  were  mixed  with  the  contents  of  the  blank  tube.  After 
gentle  mixing,  both  tubes  were  incubated  at  37°C  for  1  hour. 

An  OoD,  recording  was  made  on  the  test  tube  at  3l+0  mu  using 
the  blank  as  reference.  Calculations  to  obtain  results  in 
mg  lactic  acid  per  100  mis  of  blood  were  made  as  outlined  by 
the  Sigma  Chemical  Company  (  72  ) o 
Pyruvic  Acid 

Three  mis  of  the  clear  supernatant  (  thawed  )  and  1  ml 
of  phosphate  buffer  (  stock  725-2  )  were  mixed  and  placed  in 
an  ice  bath  for  approximately  10  minutes.  This  procedure 
resulted  in  precipitation  of  potassium  perchlorate  crystals 
leaving  2  mis  of  supernatant.  Test  and  blank  tubes  were 
prepared  as  follows:  Phosphate  buffer  and  cC— NADH  we re  mixed 
with  2  mis  of  the  supernatant  previously  obtained  to  form 
the  test  cuvetteo  The  blank  contained  2.9  mis  of  phosphate 
buffer  (  stock  no,  410-3  )•  O.D.  recordings  were  made  on 
the  test  using  the  blank  as  reference. 
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To  each  of  the  cuvettes,  .10  mis  of  lactic  dehydrogenase 
solution  (  E  )  was  added  and  thoroughly  mixed©  After  wait¬ 
ing  approximately  3  minutes,  minimum  OD^q  readings  were 
made  with  the  blank  as  reference.  Calculations  were  deter¬ 
mined  to  yield  results  in  mg  pyruvate/  100  mis  blood  (  73  )• 

Statistical  Analysis 

An  analysis  of  variance  design  with  repeated  measures  on 
two  factors  was  selected  to  determine  whether  production  of 
lactate  and  pyruvate  during  maximal  and  submaximal  exercise 
occured  independent  of  the  Tf  fitness  TT  level  of  the  individ¬ 
ual  (  $3  ) •  Comparisons  were  made  within  groups  as  well  as 
between  groups.  An  alpha  of  0o05  was  considered  appropriate 
throughout  with  Tukey!s  w  applied  when  necessary.  Submax¬ 
imal  data  were  treated  graphically. 


CHAPTER  IV 


RESULTS 


Symbols,  Table  Values  and  Definitions 

The  following  are  necessary  for  interpretation  of  the 
material  in  this  chapter. 


Symbols 


mg fo . units  of  concentration  in  all  tables 

and  graphs o 

n . refers  to  number  of  subjects. 

a . .indicates  significant  differences  be¬ 

tween  means. 

AB  . . refers  to  training  X  activity  inter¬ 

action. 

AC  o ..... .refers  to  training  X  period  inter¬ 
action. 

BC  . . refers  to  activity  X  period  inter¬ 

action. 

w  . .refers  to  Tukey’s  w. 


Table  Values 


Table  values  represent  the  means +  the  standard 
error  of  the  mean. 
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Definitions 

Lactate  response  is  the  change  in  the  concentration  of 
plasma  lactate  brought  about  by  alterations  in  resting  cell¬ 
ular  metabolism. 

Pyruvate  response  is  the  change  in  the  concentration  of 
plasma  pyruvate  brought  about  by  alterations  in  resting  cell¬ 
ular  metabolisnio 

Exercise  is  of  maximal  and  submaximal  intensity  such 
that  exhaustion  is  reached  in  both  instances.  Oxygen  uptake 
is  maximal  or  below  maximal  depending  on  the  severity  of  the 
exercise. 

Exhaustion  was  determined  by  failure  of  the  subject  to 
maintain  a  specified  pace. 

Maximal  exercise  was  of  variable  intensity  producing 
exhaustion  in  less  than  three  minutes. 

Submaximal  exercise  was  based  on  the  subject’s  MVO2 
and  characterized  by  a  considerably  longer  performance  time. 

1 

Training  level  was  determined  by  the  degree  to  which 

the  subjects  participated  in  physical  activity: 

trained  -  University  of  Alberta  wrestlers 
semi-trained  -  Physical  Education  (  swimmers  ) 
sedentary  -  Shuffleboard  players 

Activity  refers  to  the  working  or  nonworking  state  of 
the  surrounding  muscular  tissue o 

Period  refers  to  the  physiological  state  of  the  subject 
when  the  blood  sample  was  obtained.  During  maximal  and  sub¬ 
maximal  exercise y  the  Initial  samples  were  obtained  with 
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the  subject  in  the  resting  state «  The  Final  sample  v/as 
obtained  immediately  following  exhaustion  produced  by  the 
exercise*,  the  Recovery  sample  was  drawn  10  minutes  later,, 

The  submaximal  25%°,  50%,  and  15%°  values  are  mean  plasma  con¬ 
centrations  of  lactate  snd  pyruvate  obtained  by  linear  inter¬ 
polation#  Each  individual  profile  v/as  examined  at  points 
corresponding  to  25%°,  50%>y  and  15%°  of  his  total  performance 
time#  The  lactate  and  pyruvate  values  indicated  at  these 
points  were  obtained  and  group  means  derived.  A  linear  re¬ 
lationship  was  assumed. 
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Subject  Reaction  to  Testing  Procedures 

Placement  of  the  Teflon  catheters  in  the  brachial  art¬ 
ery  and  femoral  vein  often  resulted  in  mild  discomfort  for 
the  subjects.  This  temporary  discomfort,  however,  did  not 
interfere  with  performance  and  none  of  the  subjects  reported 
subsequent  ill  effects. 

Lactate  and  Pyruvate  Response 

The  raw  data  for  lactate  and  pyruvate  response  during 
maximal  and  submaximal  exercise  is  contained  in  Appendix  B. 
Results  for  the  three  way  analysis  of  variance  are  shown 
in  Table  1.  Table  2  displays  the  anthropometric  data  as 
well  as  the  results  of  the  exercise  tests.  Tables  3  through 
b  contain  the  means  for  lactate  and  pyruvate  response  dur¬ 
ing  maximal  exercise  whil^  Figures  4  through  7  are  graph¬ 
ical  representations  of  th«  sam^  means. 

Figures  8  through  11  portray  the  submaximal  response 
with  the  2 5$,  50^,  and  75^  values  obtained  by  linear  inter¬ 
polation.  The  values  from  Table  11  were  obtained  by  divid¬ 
ing  the  mean  lactate  concentration  by  the  mean  pyruvate  con¬ 
centration  resulting  in  the  lactato/pyruvate  ratios.  Fig¬ 
ure  12  graphically  displays  these  results. 

Comparisons  of  the  plasma  lactate  and  pyruvate  r^spons^s 
for  working  and  nonworking  limbs  are  graphically  represented 
by  Figures  13  through  18. 
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TABLE  1 


SIGNIFICANT  RESULTS  FOR  THE  ANALYSIS  OF  VARIANCE 


Source  of  Variation 

Maximal 

Submaximal 

La 

Py 

La 

py 

Groups  (Trained  vs  Semi*- trained 

* 

* 

* 

vs  Sedentary) 

Activity  (Working  vs 

Nonworking) 

* 

** 

Periods  (Initial  vs 

Final  vs 

* 

* 

* 

* 

Recovery) 

** 

** 

** 

** 

Interaction 

* 

** 

*  p<o.o? 

**  P<0.01 


ANTHROPOMETRIC  DATA  AND  RESULTS 
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Effects  of  Training,  Activity  and  Exercise  Upon  Lactate 

Response 

Training 

The  results  indicate  that  the  degree  of  training  does 
not  effect  the  lactate  response  significantly  to  alter 
mean  lactate  production. 

Activity 

Examination  of  the  results  suggests  that  there  is  a 
significant  difference  in  mean  lactate  response  due  to  the 
working  or  nonworking  activity  of  the  muscle.  Table  18, 
Summary  Table  AB  (  Appendix  B  )  indicates  that  the  working 
limb  alters  the  lactate  response  significantly  more  than 
the  nonworking  limb. 

Exercise 

Table  18,  Summary  Table  AG  (  Appendix  B  )  illustrates 
the  profound  effect  exercise  has  on  the  lactate  response. 
Although  the  difference  between  the  final  and  recovery 
values  is  not  significant,  it  is  evident  that  the  resting 
data  differs  significantly  from  both  the  final  and  recovery 
totals.  The  first  period  corresponds  to  the  resting  state 
while  the  final  condition  results  from  short-term  exhaustive 
exercise.  The  recovery  period  gives  an  indication- of  the 
rate  of  removal  of  lactate  from  the  system. 

Interaction 

The  working  limb  shows  a  greater  production  and  removal 
of  plasma  lactate  than  the  nonworking  limb.  This  observation 
indicates  that  the  lactate  response  changed  due  to  some 
interaction  of  these  factors.  Since  there  was  no  other 
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TABLE  3 

MEAN  PLASMA  LACTATE  LEVELS  (mg$)  DURING  MAXIMAL  EXERCISE 

FOR  THE  WORKING  LIMB  SAMPLE 


Group 

n 

Initial 

Final  ' 

Recovery 

Trained 

6 

9.1  -  1.06 

60.3  t  4.03 

41.0  i"  3,26 

Semi- 

trained 

6 

7.5  t  .97 

52.5  t  7.55 

52.5  ±  7.63 

Sedentary  6 

6.0  i  1.05 

44.3 t 11.10 

41.5  ±  3.01 

0-  trained 


FIGURE  4 

MEAN  PLASMA  LACTATE  LEVELS  (mg $)  DURING  MAXIMAL  EXERCISE 

FOR  THE  WORKING  LIMB  SAMPLE 


. 

. 
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TABLE  4 

MEAN  PLASMA  LACTATE  LEVELS  (mg %)  DURING  MAXIMAL  EXERCISE 

FOR  THE  NONWORKING  LIMB  SAMPLE 


Group 

n 

Initial 

Final 

Recovery 

Trained 

6 

3.3  -  1.13 

36.5  * 

5«44 

35.5  t  2.66 

Semi- 

trained 

6 

3.9  t  1.50 

39.3  - 

5.95 

46.5  ±  7.13 

Sedentary  6 

6.6  ±  1.29 

24.4  ± 

5.6 

29.9  ±  2.09 

-  trained 
0-  semi- trained 


FIGURE  5 

MEAN  PLASMA  LACTATE  (mg^)  DURING  MAXIMAL  EXERCISE 
FOR  THE  NONWORKING  LIMB  SAMPLE 
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significant  interaction,  this  suggests  that  the  trends  in 
lactate  response  vere  consistent  throughout  the  trials. 

Effect  of  Training,  Activity  and  Exercise  Upon  Pyruvate 
Response 

Training 

Statistical  analysis  revealed  that  a  significant 
difference  between  the  groups  occurred  in  the  working  limb 
during  the  resting  state.  This  implies  that  the  difference 
in  means  is  due  to  the  training  level  of  the  group.  All 
other  group  comparisons  of  pyruvate  response  proved  to  be 
insignificant. 

Activity 

Pyruvate  Summary  Table  19  j  Summary  Table  AB  (  Appendix  B  ) 
indicates  almost  identical  totals  in  pyruvate  response  com¬ 
paring  the  working  and  nonworking  limbs.  Figures  16,  17, 
and  18  certainly  suggest  that  the  trends  within  the  groups 
are  very  similar. 

Exercise 

Exercise  has  a  profound  effect  on  the  plasma  pyruvate 
response  as  Table  19*  Summary  Tables  AC  and  BC  indicate. 

The  period  totals  (  Initial,  Final  and  Recovery  )  clearly 
portray  this  period  effect. 

Interaction 

No  interaction  indicates  that  the  pyruvate  response 
was  similar  for  the  thre^  groups. 
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TABLE  5 

MEAN  PLASMA  PYRUVATE  LEVELS  (mg$)  DURING  MAXIMAL  EXERCISE 


FOR  THE  WORKING  LIMB  SAMPLE 


Group 

n 

Initial 

Final 

Recovery 

Trained 

6 

*  a 
to03 

1.33  t.ll 

2.65  -  .07 

Semi- 

trained 

6 

.65  -  .08 

1.20  £.21 

2.55  £.09 

Sedentary  6 

.39  -o04 

1.57  £.30 

2.29  £.23 

indicates  significant  differences  between  groups  (P<0»05) 
w 

Tukey’s  w  revealed  the  sedentary  group  to  be  significantly 
different  from  the  trained  and  serai-trained  groups 


|^-  trained 
p]~ semi-trained 
El-  sedentary 


MEAN  PLASMA  PYRUVATE  (mg fo)  DURING  MAXIMAL  EXERCISE 

-FOR  THE  WORKING  LIMB  SAMPLE 


- 
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TABLE  6 


MEAN  PLASMA  PYRUVATE  LEVELS  (mgSS)  DURING  MAXIMAL  EXERCISE 

FOR  THE  NONWORKING  LIMB  SAMPLE 


Group  n 

Initial 

Final 

Recovery 

Trained  6 

.75  t  .08 

1.63  t  .25 

2.50  t  .28 

Semi- 

trained  6 

.65  t  .09 

1.03  t  .15 

2.54  t  .09 

Sedentary  6 

.53  t  .10 

1.19  ±  .20 

1.84  ±  .19 

£ 

0) 

-p 

ci5 

> 

g 

fU 


[>f]~  trained 
fo]"  semi-trained 


FIGURE  7 


MEAN  PLASMA  PYRUVATE  (mgfo)  DURING  MAXIMAL  EXERCISE 
FOR  THE  NONWORKING  LIMB  SAMPLE 
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effects  of  Submaximal  Fxercise  Upon  Lactate  Response 

Figures  8  and  9  which  portray  the  group  responses  for 
the  working  and  nonworking  limbs  respectively,  indicate 
appreciable  lactate  activity  in  all  groups  throughout  the 
submaximal  sessions.  The  sedentary  group  is  notably  less 
responsive  in  lactate  concentration  changes  than  either  of 
the  trained  or  semi-trained  groups.  The  latter  two  groups 
appear  to  respond  similarly  to  a  submaximal  stress.  It  is 
interesting  to  note  that  in  all  instances  just  prior  to 
exhaustion,  there  is  a  considerable  increase  in  lactate 
concentration.  This  response  is  particularly  evident  in 
the  trained  and  semi-trained  groups. 

effects  of  Submaximal  Txercise  Upon  Pyruvate  Response 

Pyruvate  concentration  progressively  increases  in 
all  groups  during  submaximal  exercise  (  Figures  10  and  11  ). 
The  response  is  notably  greater  in  the  trained  and  semi- 
trained  groups. 


35 


TABLE  7 

MEAN  PLASM  LACTATE  LEVELS  (mg c/o)  DURING  SUBMAXIMAL  EXERCISE 

FOR  THE  WORKING  LIMB  SAMPLE 


Group 

n 

Initial 

25% 

50 % 

75 % 

Final 

Recovery 

Trained 

6 

7.6 

19.  3  s' 

17.3 

27o5 

a 

40.3 

IS. 9 

Semi- 

trained 

6 

6.9 

13.6 

19o9 

27.1 

40.6 

29o2 

Sedentary 

6 

5.5 

14  <>0 

lS.3 

19ol 

23o7 

14.0  v 

a 

indicates  significant  difference  between  the  groups 


[TT]-  trained 
CD-  serni-trained 


FIGURE  3 

MEAN  PLASMA  LACTATE  (m gfo)  DURING  SUBMAXIMAL  EXERCISE 

FOR  THE  WORKING  LIMB  SAMPLE 

*  means  derived  by  linear  interpolation  with  reference  to 
percentage  of  exercise  time0 


3b 


TABLE  8 

MEAN  PLASMA  LACTATE  LEVELS  (mg$  DURING  SUBMAX IMAL  EXERCISE 

FOR  THE  NONWORKING  LIMB  SAMPLE 


Group 

n 

Initial 

25% 

50% 

75 % 

Final 

Recovery 

Trained 

6 

10.7 

19.5* 

17  o  3 

22.5 

37da 

22.3 

Semi- 

trained 

6 

7.2 

12.2 

17.0 

21,6 

31o0 

20.2 

Sedentary 

6 

5.6 

11.1 

17.1 

16.6 

22.1 

20.6 

a 

indicates  significant  difference  between  the  groups 


IjTJ-  trained 

[»j  ~  semi-trained 

|^j-  sedentary 


FIGURE  9 

MEAN  PLASMA  LACTATE  (mgjS)  DURING  SUBMAXIMAL  EXERCISE 

FOR  THE  NONWORKING  LIMB 

*f.  means  derived  by  linear  interpolation  with  reference  to 
percentage  of  exercise  time0 
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TABLE  9 

MEAN  PLASMA  PYRUVATE  LEVELS  (mg$)  DURING  SUBMAX3MAL  EXERCISE 


FOR 

THE  WORKING 

LIMB 

SAMPLE 

Group 

n 

Initial 

25% 

50% 

15% 

Final 

Recovery 

Trained 

6 

.52 

1.09  *a 

1.27 

1.47 

1.80 

1.18 

Semi- 

trained 

6 

.33 

.69 

1.04 

1.30 

1.41 

1.17 

Sedentary 

6 

.49 

o69 

.as 

1.01 

1.20 

.39 

indicates  significant  difference  between  the  groups 


0  -  trained 
0  -  semi-trained 
0  -  sedentary 


3.00-. 

rj 

« 

0) 

•P 

2 . 00- 

p 

3 

u 

1.00- 

>» 

a. 

- 1 

0 

0 

0 

mi 


X 

X 

X 

X 

X 


Initial  25 %  50%  75%  Final  Recovery 


FIGURE  10 

MEAN  PLASMA  PYRUVATE  (m g%)  DURING'  SUBMAXIMAL  EXERCISE 

FOR  THE  WORKING  LIMB  SAMPLE 


#  means  derived  by  linear  interpolation  with  reference  to 
percentage  of  exercise  time0 
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TABLE  10 


MEAN  PLASMA  PYRUVATE  LEVELS  (m g%)  DURING  SUBMAX IMAL  EXERCISE 

FOR  THE  NONWORKING  LIMB  SAMPLE 


Group 

n 

Initial 

25 % 

50% 

75 % 

Final 

Recovery 

Trained 

6 

.54 

.86* 

1.00 

1.08 

1.47 

1.15 

Semi- 

trained 

6 

o47 

.75 

.35 

1.08 

1.09 

1.02 

Sedentary 

6 

.49 

.72 

.35 

.39 

1.23 

1.10 

[r“|  -  trained 
Q-  semi-trained 
pi- sedentary 


FIGURE  11 


MEAN  PLASMA  PYRUVATE  (mg fo)  DURING  SUBMAXIMAL  EXERCISE 

FOR  THE  NONWORKING  LIMB  SAMPLE 

#  means  derived  by  linear  interpolation  with  reference  to 
percentage  of  exercise  time# 


• 
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TABLE  11 


MEAN  LACTATE/PYRUVATE  RATIOS 


Working  Sample 


Group : 

n 

Initial 

Final 

Recovery 

Trained 

6 

11.25 

453T 

T+T98 

Serai-trained 

6 

11.76 

l+3 . 80 

20 . 49 

Sedentary 

6 

15.92 

26.57 

15.39 

Nonworkin 

g  Sample 

(Group : 

n 

Initial 

Final 

Recovery 

Trained 

6 

11.70 

22.42 

16T20 

Serai- trained 

6 

13.70 

38.10 

18.28 

Sedentary 

6 

12.1+7 

20.63 

16.49 

Wo  rking  No  nv;  o  rki  ng 


FIGURE  12 


MEAN 


LACTATE/ PYRUVATE  RATIOS  FOR  WORKING  AND  NONWORKING 


LIMBS 


. 

. 

TABLE  12 


MEAN  PLASMA  LACTATE  LEVELS  (mg?*)  DURING  MAXIMAL  EXERCISE 

FOR  TRAINED  INDIVIDUALS 


Sample 

n 

Initial 

Final 

Recovery 

Working 

6 

9.1±1.06 

60.3  £4. 03a 

41.Ot3.26 

Nonworking 

6 

3.3±  1.13 

36. 5  ±5.44 

35.5  ±2.66 

a 

indicates  significant  difference  between  working  and  non 
working  limbs 

| /[•  working 
□  -  nonworking 


MEAN  PLASMA  LACTATE  (mg fo)  DURING  MAXIMAL  EXERCISE 


FOR  TRAINED  INDIVIDUALS 


■ 
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TABLE  13 

MEAN  PLASM  LACTATE  LEVELS  (mg#)  DURING  MAXIMAL  EXERCISE 

FOR  SEMI-TRAINED  INDIVIDUALS 


Sample 

n 

Initial 

Final 

Recovery 

Working 

6 

7. 5  *.97 

52.5*7.55 

52.5-7.63 

Nonworking 

6 

3.9-1.50 

39. 3i  5.95 

46. 5±  7.13 

-  working 

-  nonworking 


MEAN  PLASMA  LACTATE  (mg#)  DURING  MAXIMAL  EXERCISE 

FOR  SEMI-TRAINED  INDIVIDUALS 
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TABLE  14 

MEAN  PLASMA  LACTATE  LEVELS  (mgj£)  DURING  MAXIMAL  EXERCISE 

FOR  SEDENTARY  INDIVIDUALS 


Sample 

n 

Initial 

Final 

Recovery 

Working 

6 

6.0511.15 

a 

44.8  1 11.1 

41.5  -  8.01 

Nonwork ins 

6 

6.60-1.29 

24.4  ±  5.6 

29.9  -  2.08 

a 

indicates  significant  difference  between  working  and  non¬ 
working  limbs 


0 

□ 


-  working 

-  nonworking 


FIGURE  15 


MEAN  PLASMA  LACTATE  {tagfo)  DURING  MAXIMAL  EXERCISE 

FOR  SEDENTARY  INDIVIDUALS 
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TABLE  15 

MEAN  PLASMA  PYRUVATE  LEVELS  (rag#)  DURING  MAXIMAL  EXERCISE 

FOR  TRAINED  INDIVIDUALS 


Sample 

n 

Initial 

Final 

Recovery 

V/orking 

6 

.84 1  .08 

1.33  i  .11 

2.65  t  .07 

Nonworking 

6 

.33+-  .08 

1.63  *.25 

2.50  - .16 

0 

□ 


-  working 

-  nonworking 


FIGURE  16 


MEAN  PLASMA  PYRUVATE  (mg #)  DURING  MAXIMAL  EXERCISE 


FOR  TRAINED  INDIVIDUALS 


TABLE  16 

MEAN  PLASMA  PYRUVATE  LEVELS  (mg $)  DURING  MAXIMAL  EXERCISE 


FOR  SMI-TRAINED 

INDIVIDUALS 

Sample  

n 

Initial 

Final 

Recovery 

Working 

6 

,65 t .09 

1.20  -  .21 

2.55  - .09 

Nonworking  6 

.65  -  .08 

1.03  *.15 

2.5 A t .09 

13-  working 


-  nonworking 


FIGURE  17 


MEAN  PLASMA  PYRUVATE  (mg %)  DURING  MAXIMAL  EXERCISE 


FOR  SEMI-TRAINED  INDIVIDUALS 


^5 


TABLE  17 

MEAN  PLASMA  PYRUVATE  LEVELS  (mg$6)  DURING  MAXIMAL  EXERCISE 


FOR  SEDENTARY 

INDIVIDUALS 

Sample  n 

Initial 

Final 

Recovery 

Working  6 

.39  t .04 

1.57  t .30 

2.29  i .23 

Nonworking  6 

.53  ?  .10 

1.19 t  .20 

1.64  -  .19 

|/|- working 
j-  nonworking 


a 

■P 

> 

3 

U 

>> 

Q~* 


FIGURE  Id  * 

MEAN  PLASMA  PYRUVATE  (mg %)  DURING  MAXIMAL  EXERCISE 

FOR  SEDENTARY  INDIVIDUALS 


CHAPTER  V 


DISCUSSION 

The  few  significant  results  obtained  do  not  allow  gen¬ 
eralizations  to  be  made  to  similar  populations  since  disagree¬ 
ment  with  other  reports  is  evident.  The  effects  of  acute 
maximal  exercise  on  the  plasma  pyruvate  and  lactate  concen¬ 
trations  are  well  known.  In  this  study,  no  evidence  was 
found  to  suggest  that  the  oxygen  debt  was  being  repaid  dur¬ 
ing  the  exercise.  These  results  are  in  agreement  with 
Rowell  gt  al  (  b8  )  ,  Knuttgen  (  49  )  ,  and  Wasserman  et_  al^ 
(73),  that  venous  lactate  concentrations  increase  with 
work  time.  Therefore,  discussions  will  be  limited  to  the 
effects  of  training,  limb  activity  (  working  and  nonworking  ), 
and  submaximal  exercise  on  the  lactate  and  pyruvate  response. 

The  effect  of  Training  and  Submaximal  Exercise  on  the  Lactate 

and  Pyruvate  Response 

Margaria  £t  al  (  56  ) ,  Barnard  (  9  ) ,  as  well  as  Williams 
(  8l  )  found  a  decrease  in  lactate  response  due  to  training. 
They  attribute  this  decrease  in  lactate  production  to  the 
greater  aerobic  capacities  of  the  athlete.  Alterations  in 
enzyme  activity  (  l1*, 38, 39,40  )  and  mitochondrial  density 
(  32  )  certainly  suggest  possibilities  for  accelerated 
pyruvate  oxidations.  With  pyruvate  removal  being  more 
efficient  as  a  result  of  training,  one  would  expect  lactate 
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production  to  be  curtailed.  The  evidence  here,  however, 
indicates  that  there  was  no  significant  difference  bet¬ 
ween  the  groups  (  P<0.01  )  with  respect  to  lactate  response. 
In  fact,  the  trained  group  consistently  responded  with 
greater  lactate  production  than  either  of  the  other  groups. 
This  response  was  evident  during  both  maximal  and  submaximal 
sessions.  One  can  argue,  that  the  trained  group  had  higher 
workloads  than  the  other  groups  and  therefore,  lactate  pro¬ 
duction  should  be  greater.  However,  workloads  were  delib- 
erately  selected  with  consideration  for  the  subjects  MVO2. 

If  training  (  as  reflected  by  mitochondrial  density 
and  enzymic  adaptations  )  influences  lactate  concentration, 
one  would  expect  the  trained  group  to  respond  with  a  reduc¬ 
tion  in  metabolite  values  during  submaximal  exercise.  This 
was  not  found.  There  was  a  progressive  increase  in  both 
lactate  and  pyruvate  production  during  the  submaximal  ses¬ 
sions.  These  results  contradict  the  findings  of  Saiki  et 
al  (  70  )  who  suggest  that  the  alactacid  oxygen  debt  is 
repaid  during  steady  state  conditions.  Astrand  e_t  aJL  (  7  ) 
found  a  successive  decrease  in  blood  lactate  concentrations 
with  work  time  despite-a  maximal  effort  by  the  cross  country 
skiers.  We  found  an  obvious  increase  in  lactate  and  pyru¬ 
vate  production  in  all  groups  that  was  particularly  evident 
prior  to  exhaustion.  Cunninghams  finding  (  17  ) ,  that  lac¬ 
tate  concentrations  increase  as  a  result  of  training  support 
these  results. 

One  can  suggest,  that  the.  training  program  was  not 
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adequate  or  long  enough  to  produce  the  effective  enzymatic 
or  mitochondrial  adaptations  expected.  However,  this  still 
does  not  explain  why  the  trained  group's  mean  performance 
time  (  X  =  77.5  min.  )  was  significantly  longer  than  either 
the  semi-trained  (  X  =  47  min.  )  or  sedentary  (  "x  =  48.3 
min.  )  groups  submaximal  performance  times.  The  physiolog¬ 
ical  explanation  is  obscure. 

•  The  Effect  of  Limb  Activity  (working  vs  nonworking  )  on 

The  Lactate  and  Pyruvate  Response 

The  plasma  lactate  response  for  the  working  limb  during 
maximal  exercise  was  significantly  different  from  the  non¬ 
working  limb  in  the  trained  and  sedentary  groups.  This 
response  is  to  be  expected  since  muscular  activity  creates 
a  hypoxic  condition  conducive  to  lactate  production.  Why 
the  response  was  not  evident  in  the  semi-trained  group  is 
unclear.  A  rapid  equilibrium  of  the  metabolites  was 
attained,  however,  that  was  similar  for  all  groups.  The 
working  limb  of  the  trained  group  is  notably  more  responsive 
during  recovery  than  the  working  limb  for  either  of  the 
other  groups.  This  response  to  take  up  lactate  at  a  rate 
appreciably  greater  than  the  semi-trained  or  sedentary 
groups  suggests  that  local  adaptations  have  taken  place  in 
the  trained  group.  Indeed,  the  training  program  must  have 
been  intense  enough  to  bring  about  expected  physiological 
changes . 

Plasma  lactate  and  pyruvate  responses  in  working  and 


* 
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nonworking  limbs  daring  subraaximal  exercise  are  almost  i- 
dentical.  Th^se  results  do  not  agr^e  with  Rowell  ej;  aj. 

(  68  )  or  Keul  (  4 7  )  who  found  nonworking  values  to  be 
higher  than  working  values.  Certainly,  the  lactate  and  py¬ 
ruvate  responses  in  this  instance  are  not  reflecting  local 
hypoxic  conditions.  This  lack  of  response  to  local  tissue 
hypoxia  suggest  that  during  exercise,  the  blood  may  func¬ 
tion  as  an  independent  tissue  regulating  its  own  concentra¬ 
tions  of  lactate  and  pyruvate.  Perhaps  excessive  changes 
in  these  metabolites  become  noticeable  during  recovery  when 
the  hypoxic  state  of  the  tissues  change  abruptly. 

The  trained  group  lasted  considerably  longer  than  the 
other  groups  while  exercising  submaximally  (  X  =  77*5  min. 
compared  to  X  =  4  7  min.  and  X  =  li-8.3  min.  )  despite  con¬ 
siderable  lactate  and  pyruvate  response.  If  mitochondrial 
and/or  enzymatic  adaptations  result  from  training,  a  decrease 

in  lactate  and  pyruvate  response  should  be  expected.  Pre- 

• 

cisely  because  workloads  were-  related  to  the  subjects  MVO^, 
lactate  and  pyruvate  production  should  reflect  this  cap¬ 
acity.  The  individual  with  the  greater  aerobic  capacity 
should  keep  lactate  production  curtailed.  The  results  here 
indicate  exactly  the  opposite  of  what  was  expected.  The 
trained  and  semi-trained  groups  display  considerable  met¬ 
abolite  production  while  th«  sedentary  group  is  less  re¬ 
sponsive  to  concentration  changes  of  lactate  and  pyruvate. 

To  account  for  the  longer  submaximal  exercise  time 
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in  the  trained  group,  despite  considerable  lactate  and 
pyruvate  production,  an  analysis  of  the  blood  itself  might 
provide  a  partial  explanation.  Pyruvate  concentrations 
are  consistently  greater  in  the  trained  group  throughout 
the  submaximal  trials.  Availability  of  pyruvate  in  the 

red  blood  cell  as  a  proton  acceptor  forming  lactate  reflects 

+  + 

increased  concentrations  of  NAD  •  NAD  is  essential  for 
the  production  of  2,3-DPG,  which  is  known  to  facilitate 
oxygen  release  at  the  tissue  level.  In  addition,  deoxy¬ 
hemoglobin  (  abundant  during  exercise  )  promotes  production 
of  2,3-DPG.  The  semi-train^d  and  sedentary  groups  with 
lower  concentrations  of  pyruvate  available  to  form  lactate 
would  have  corresponding  lower  concentrations  of  red  blood 
cell  NAD  •  This  lower  concentration  of  pyruvate  suggests 
that  there  would  not  be  as  much  NAD  available  for  pro¬ 
duction  of  2,3-DPG.  A  decrease  in  2,3-DPG  in  the  red  blood 
cells  of  the  sedentary  and  semi-trained  groups  might  con¬ 
ceivably  reduce  oxygen  release.  This  lack  of  2,3-DPG  (  a 
reflection  of  pyruvate  concentration  )  may  be  one  of  the 
contributing  factors  to  the  shorter  performance  times  of 
the  sedentary  and  semi-trained  groups. 


CHAPTER  VI 


SUMMARY  AND  CONCLUSION 

Summary 

Eighteen  male  University  of  Alberta  students  were 
investigated  to  determine  the  effect  of  training  on  the 
concentrations  of  plasma  lactate  and  pyruvate.  Three* 
groups  vJere  compared  under  maximal  and  submaximal  condi¬ 
tions.  These  were  highly  trained,  sem-trained  and  seden¬ 
tary  groups.  Arterial  and  venous  blood  samples  were  taken 
at  rest,  during  the  exercise  session,  at  the  point  of 
exhaustion  and  during  the  recovery  period.  The  samples 
were  analyzed  for  plasma  concentrations  of  lactate  and 
pyruvate.  Comparisons  were  made  within  the  groups  for 
possible  differences  'in  arterial  and  venous  samples. 

The  results  indicate  (  P<0.01  )  that  there  was  no  dif¬ 
ference  in  group  response  during  exercise  with  respect  to 
alterations  in  plasma  lactate  concentrations .  During  the 
recovery  period,  however,  the  trained  group  responded 
with  accelerated  lactate  uptake  in  the  working  limb 
indicating  that  training  resulted  in  local  tissue  adapta¬ 
tions.  The  pyruvate  response  proved  to  differ  significantly 
in  the  three  groups.  This  difference,  however,  was  evident 
only  during  the  resting  state. 

During  the  submaximal  trials,  the  plasma  concentrations 
of  lactate  and  pyruvate  in  working  and  nonworking  limbs 
were  almost  identical. 
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Conclusion 

With  respect  to  maximal  and  submaximal  exercise,  the 
following  conclusions  were  drawn, 

(  1  )•  The  8  week  training  program  was  not  sufficient 
to  produce  significant  group  differences  in  the  concentra¬ 
tion  of  plasma  lactate* 

(  2  )*  A  significant  difference  between  the  groups 
in  the  concentration  of  plasma  pyruvate  was  evident  during 
the  resting  state  and  throughout  the  submaximal  session. 

This  suggests  that  training  resulted  in  an  adaptive  response 
possibly  within  the  muscle  or  the  blood  itself* 
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CONSENT  FORM 


bl 


UNIVERSITY  OF  ALBERTA 
FACULTY  OF  PHYSICAL  EDUCATION 


CONSENT  TO  PARTICIPATE  IN  A  RESEARCH  STUDY 

A.M. 

SUBJECT . DATE . TIME 

P.M. 


1.  I  agree  to  participate  in  an  investigation  and  in  relation 

to  this  hereby  authorize  Drs.  . •....•and/or 

such  assistants  as  may  be  selected  by  them,  to  perform 
the  follov/ing  procedure  (s): 


20  Drs . . . . . have  explained  the  purpose  of 

this  study  and  I  understand  the  routine  of  the  procedure 
outlined  above. 


Witness  Signature  of  subject 

If  the  subject  is  unable  to  sign  or  is  under  IS  years  of 

Age.,  e  omplet.e the  .fol Lorn n.g.l 

The  subject  is  a  minor  (... . years  of  age  )0 

or 

The  subject  is  unable  to  sign  because . . . . 

As  the  closest  relative  or  legal  guardian  I  hereby  sign 
on  his/her  behalf : 


•  ^•••••«* *e*»«*«  +  ***#****#  +  ****#*#**#***#*#***#0* 

Witness  Signature  Relationship 


APPENDIX  B 


STATISTICAL  SUMMARY  TABLES 


AND  RAW  DATA 


TABLE  18 


LACTATE  SUMMARY  TABLES 


SUMMARY  TABLE  AB 

working 

nonworking 

totals 

trained 

663,6* 

482 

ol 

1145.7 

semi-trained 

674.1 

567.7 

1241.8 

sedentary 

494.3 

364.9 

859.7 

totals 

—  1832.5 

1414o7 

3247 0 2 

SUMMARY  TABLE  AC 

Initial 

Final 

Recovery 

totals 

trained 

103.3 

531.4 

459.0 

1145.7 

semi-trained 

98.7 

550.9 

592o2 

1241.8 

sedentary 

76.0 

394.3 

333.8 

859.7 

totals 

— — 2$0e>0 

1527.1 

1440.0 

3247.2 

SUMMARY  TABLE  BC 

Initial 

Final 

Recovery 

totals 

working 

136.9 

926.2 

769.3 

1332.5 

nonworking 

143.0 1 

600.9 

670.7 

1414 0 7 

totals 

1  280.0 

1527.1 

1440  0  0 

3247.2 

*  total  lactate  mgj£ 


. 

Lactate  mg$ 


Trained 


I-  initial,  F-  final,  R~  recovery 
X-  working  sample,  o-  nonworking  sample 

FIGURE  19 


LACTATE  ACTIVITY  DURING  MAXIMAL  EXERCISE 


TABLE  19 


PYRUVATE  SUMMARY  TABLES 


SUMMARY  TABLE  AB 

working 

trained 

2303* 

semi-trained 

24.7 

sedentary 

21.1 

totals 

74.7 

SUMMARY  TABLE  AC 

Initial 

trained 

9.2 

semi-trained 

7.6 

sedentary 

5.1 

totals 

21.9 

SUMMARY  TABLE  BC 

Initial 

working 

12  01 

nonworking 

9. a 

totals 

21.9 

nonworking 

totals 

27.3 

56.1 

23.3 

53.5 

19.2 

40  o  4 

75.3 

150.0 

Final 

Recovery 

totals 

17o3 

29.0 

56.1 

15.0 

30.9 

53  o  5 

13.7 

21.7 

40.4 

46.5 

31.6 

150.0 

Final 

Recovery 

totals 

20.7 

41.  S 

74.7 

25.7 

39.7 

75.3 

46.5 

31.6 

150o0 

*  total  pyruvate  mg$ 


• 

Pyruvate 


Trained 


I-  initial,  F-  final^  R-  recovery 
X"  working  sample,  o  ~  nom^orking  sample 

FIGURE  SO 

PYRUVATE  ACTIVITY  DURING  MAXIMAL  EXERCISE 
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TABLE  20 

LACTATE  CONCENTRATIONS  (  m g%  )  DURING  MAXIMAL  EXERCISE 


Group ; 


Trained 

Initial 

Final 

Recovery 

#1.  vj 

5o2 

50.1 

29.4 

nw 

5.3 

26.3 

29.3 

2.  w 

10o2 

51.2 

38.7 

nw 

7ob 

33.7 

34.6 

3o  w 

9.1 

60.3 

41.0 

nw 

8.3 

36.5 

35.5 

4C  w 

7.3 

58.9 

37.2 

nw 

8.8 

33.1 

39.1 

5o  w 

11.4 

77.6 

51.6 

nw 

13  A 

61.1 

'+6.0 

60  w 

11.7 

64.0 

48.2 

nw 

6.5 

23.6 

28.4 

Semi-trained 

7o  w 

8.8 

53.5 

75.7 

nw 

14*4 

>+5.7 

75.7 

8.  w 

7.3 

69.1 

36.6 

nw 

9.2 

39.1 

36.8 

9*  w 

5.7 

47.1 

37.8 

nw 

4.6 

3’+.  6 

26.5 

10o  w 

4.8 

42.1 

44.9 

nw 

5.2 

28.1 

39.2 

11.  w 

11.5 

26.3 

42.0 

nw 

11.3 

23.6 

43.2 

12.  w 

7.1 

77.0 

76.5 

nw 

8.8 

64.4 

57.3 

Sedentary 

13o  w 

2o7 

13. 4- 

23.9 

nw 

6.6 

5.9 

31.9 

14.  w 

6.2 

42.7 

50.6 

nw 

5o3 

37.2 

26.1 

l5o  w 

3.6 

24.2 

40.2 

nw 

3o6 

9.1 

22.2 

160  w 

10.7 

67.0 

44.6 

nw 

12.7 

36.4 

33.^ 

17o  w 

6o0 

51.9 

50.3 

nw 

60  5 

32.0 

36.9 

180  w 

7.1 

69.5 

40.1 

nw 

5.0 

25-5 

28.6 

w  -  working  limb 
nw  -  nonworking  limb 
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TABLE  21 

PYRUVATE  CONCENTRATIONS  (  mg  %  )  DURING  MAXIMAL  EXERCISE 


Group : 

—  — 

Trained 

Initial 

Final 

Recovery 

#1.  v 

o98 

.88 

2.52 

nw 

o65 

1.56 

.87 

20  v 

1.09 

1 . 40 

2.82 

nu 

.67 

lo?6 

2.63 

3.  u 

.84 

1.33 

2.65 

nvj 

.75 

1.63 

2.50 

40  .  Vi 

.73 

1.4o 

2.88 

n\i 

1.03 

1.47 

2.35 

5.  vj 

.77 

1.73 

2.41 

nvj 

082 

2.74 

2.80 

6.  w 

.52 

1.25 

2.61 

nvj 

.39 

.85 

2.00 

Semi- trained 

7o  vj 

.51 

.87 

2.59 

nu 

.46 

1.4-0 

2.78 

80  vj 

065 

1.20 

2.55 

nv; 

.65 

1.03 

2.54 

9.  w 

.51 

.52 

2.67 

nw 

.56 

•  53 

2.53 

10  o  vi 

Y3 

oH-2 

1.11 

2.70 

mi 

.61 

2.80 

11  o  VJ 

066 

2.03 

2.67 

nvj 

o94 

1.31 

2.77 

120  vj 

1o03 

1.47 

2.12 

nvi 

.91 

1.30 

2.33 

Sedentary 

.41 

2.84 

2.88 

13  o  v 

nvj 

o59 

.59 

2.28 

l40  vi 

.35 

.84 

2.66 

n\i 

06  7 

1.20 

1.74 

15  o  vj 

.20 

.96 

1.95 

mi 

.23 

.59 

1.58 

lb0  vj 

o49 

1.36 

1.37 

mi 

088 

1.47 

1.07 

17  o  w 

o42 

1.91 

2.60 

nvj 

062 

1.61 

2.30 

i — 1 
CO 
0 

o44 

1.50 

2.19 

mi 

o20 

1.65 

1.93 

vj  -  -working  limb 
nv;  -  nonworking  limb 

• 
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